Nest sanitation-related traits have often been explained at the intraspecific level as reducing the probability of infection or detection by predators and parasites, but its evolution within the avian phylogeny is still poorly understood. We compiled detailed information of such traits for more than 400 bird species and, by means of modern comparative methodologies, we reconstructed the evolution of adults' contribution to removing their offspring's faeces and the production of faecal sacs by nestlings. Furthermore, because the functional hypotheses used to explain nest sanitation behaviour assume potential effects of brood size, body mass, nestling period and diet, we explored the association between these traits and those related to nest sanitation in a phylogenetically controlled framework. Our results suggest that parental removal of nestling faeces has driven the evolution of faecal sacs, while the ancestral states involved birds with faecal sacs removed by parents. These results support the long-held idea that faecal sacs facilitate the removal of faeces by parents. Moreover, we found that animal diets and small body sizes have favoured the evolution of faecal sacs suggesting the existence of some chemical and physical constraints in relation to the evolution of the mucous covering. Our results highlight the importance of nest sanitation in the evolution of birds and their life history characteristics.
Nest sanitation behaviour is an important and widespread behaviour in birds that, despite being known for a long time (Blair & Tucker, 1941; Herrick, 1900; Skutch, 1976; Thomson, 1934) , is still poorly understood, particularly regarding its evolution (Gow, Wiebe, & Musgrove, 2015; Guigueno & Sealy, 2012; Lang, Straight, & Gowaty, 2002) . This is surprising because strategies and traits related to nest sanitation, or even the effort devoted to such activities, have been suggested to help infer levels of selection pressures acting within species-specific nest environments (Ib añez-Alamo, Ruiz-Rodríguez, & Soler, 2014) . Recent experimental studies have focused on investigating adaptive values of removal by parents of nestling faeces, the most common form of nest sanitation behaviour in birds (Guigueno & Sealy, 2012) . Since faeces contain potentially pathogenic microorganisms, its removal would reduce the probability of infection (Ib añez-Alamo, RuizRodríguez, et al., 2014) . In addition, parasites and nest predators might use chemical (i.e. odours) and/or visual cues of nestling faeces to locate active nests and, therefore, removing it from nests would reduce the probability of nest predation (Ib añez-Alamo, Ruiz-Raya, Roncalli, & Soler, 2014; Ib añez-Alamo, Sanllorente, Arco, & Soler, 2013; Petit, Petit, & Petit, 1989; Weatherhead, 1984) and parasitism (Ib añez-Alamo, Ruiz-Raya, Rodríguez, & Soler, 2016). Nestlings of many species encapsulate faeces within a mucous covering forming faecal sacs (Blair & Tucker, 1941; Herrick, 1900; Thomson, 1934; Weatherhead, 1984) . This covering acts as a physical barrier to impede microbial infections of birds (Ib añez-Alamo, Ruiz-Rodríguez, et al., 2014) and might facilitate manipulation and removal of faeces by parents (White 1773, cited in Blair & Tucker, 1941; Herrick, 1900; Pycraft, 1909; Thomson, 1934) . Thus, the evolution of faecal sacs should be associated with parental removal of faeces from nests, although this prediction has never been tested. Either parental removal would more easily evolve in species with nestlings producing faecal sacs, or the evolution of faecal sacs would be particularly beneficial in species in which parents removed them.
Benefits associated with nest sanitation behaviour may depend on ecological and life history characteristics. It is, for instance, possible that the costs associated with the presence of nestling faeces in the nest depend on the volume and contents of faeces. Everything else being equal, negative impacts of small faeces in terms of attracting nest predators or vectors for potentially dangerous microorganisms/parasites would be lower than those of
